Abstract. Detection of High Impedance Fault (HIF) that is mainly occurred in MV power systems has been a challenge due to its low current magnitude. A new HIF detection approach based on correlation functions is applied on the voltage and current signals in this paper. Twelve indices based on correlation functions are implemented and tried on a lot of cases. Some of them which have clearly different values for no-fault and HIF conditions are chosen. Simulation results prove the efficiency of proposed method for HIF detection.
Introduction
The high impedance fault (HIF) is an abnormal electrical condition which may affect human lives wherever the feeders and the living areas have any overlaps. The HIF is usually occurred in the distribution feeders because of their low height in comparison with high voltage transmission lines. This fault is happened when an unexpected connection appears between a feeder and the ground by a high impedance object. Most of the time, it is generated by falling a broken conductor of an energized line on the ground or connection between tree branches to the line. In electrical point of view if a high impedance object produces a parallel loop with the load in a circuit while the line is loaded as much as nominal current, then the over-current which is imposed by fault would be low in contrast to load current. So, this phenomenon is called HIF. Since the basis of operation for conventional relays is current magnitude, HIF flow cannot be detected by mentioned relays.
A review of many approaches on HIF detection from classical to heuristically algorithms is done in [3] that is a useful guideline.
Operating principle of HIF detection is reviewed and possible future technologies is discussed in [5] . Discrete wavelet transformer technique in [2] , [6] and [7] , artificial neural network in [4] is used to detection of HIF. Besides, some others such as [1] and [8] used low frequency harmonic analysis to detection.
In this paper, a new approach for HIF detection based on correlation functions is proposed. It is found that the values of correlation functions applied on voltage, current and also their derivations during the system healthy conditions are different from their values when high impedance fault occurs. To show the benefits of correlation functions in HIF detection, the paper will be continued with five sections. A brief summary of the correlation function theory and proposed indices for this purpose will be discussed in section 2. Then a case study system with using of two different models of high impedance fault is used for data collection in section 3. Simulation results of the case study system using PSCAD/EMTDC software are presented in section 4. The conclusion is given in section 5.
A brief theory of correlation functions
Auto correlation function (ACF) and partial auto correlation function (PACF) that are defined by equations 1 and 2 respectively are applied to detect any abnormal changes in a signal.
r k and r kk symbolize ACF k and PACF k respectively. n is time series window length and µ is the mean of time series. To get a good performance it's better to use summation of ACF and PACF components. So, in the present approach two more functions are defined to distinguish the normal case from HIF.
SACF:
Summation of ACF components of a window including k number of samples that is called SACF. Related equation is as follows:
SPACF: This function is defined similar to SACF but the difference is that the PACF components have been used to make it. Equation (4) belongs to SPACF.
Here six signals are used instead of Z in equations (1) and (2) which are as follows:
where i and v are the current and voltage at relay placement. d and d 2 denote the first and second differences. Both SACF and SPACF functions are applied to all six above signals to obtain 12 indices as follow:
where r k (v) denotes kth component of voltage's ACF. Other equations are similarly defined.
Case Study system
One case study system with two different HIF models is implemented in figures 1 and 2. Case study system belongs to a radial cable feeder of a medium voltage (25 kv) system. Single line diagram of the case study system with the HIF model 1 is given in figure.1. V s and I st are the relay voltage and current which are used for sensing the HIF. The connected load to the feeder is assumed to be constant at the end of the line. HIF model 1 is explained through equation (22) and figure.1.
Where The model circuit with the description of second HIF model is given in figure. 2. Figure.3 shows the case study system used in figure. 1 which applied HIF model 2 in figure. 2. Where i(t), u p , R and l p represent arc current, constant voltage parameter per arc length, resistive component per arc length and arc length respectively. It is considered that R (R=9Ω/cm) and l p (l p =10 cm) are constant. The fault is occurred in the middle of the feeder. The voltage and current curves of the case study system with both of HIF models which are simulated in PSCAD/EMTDC software are shown in figures 4 and 5. In these simulations, the time duration is 500 ms, the fault occurs in 202 ms and the sampling time is 50 µs.
As can be seen in figure.5, no sign of any events for model 2 is visible in both current and voltage of relay. 
Implementation of new approach
After utilizing correlation functions on voltage, current and also their derivations samples, it is specified that both SACF and PSACF can be acceptable factors for HIF detection. For better perception, stem diagrams of some indices for both HIF models are shown in figure.6. k on the horizontal axis is plotted against ACF and PACF values. In this case, k max is equal to 20. As can be seen, the majority of pacfi (PACF i ) and pacfddv (PACF d 2 v ) values and all of acfdv (ACF dv ) values are positive in no fault condition while in HIF phenomenon there are both positive and negative. Briefly, feature pattern of three indices show differences for both conditions. If in each diagram the summation of all 20 data is calculated, the summation result will be a big positive number in no fault condition while it will be approximately zero in HIF event. So, it can be used for HIF detection. SACF and SPACF functions for all six of relay-side signals are introduced in section.2. 
Conclusion
A new approach for HIF detection in distribution systems based on correlation functions is proposed in this paper. After simulating a sample system, SACF and SPACF functions were experimented on i, di, d 
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